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Abstract 
 To study the content characteristics of Ca, Mg and Zn in bryophytes from different geological settings using atomic 
absorption spectrometry (AAS), the bryophytes and their growth substrates from Three Gorges karst and Huangzhou 
non-karst regions of Hubei province were chosen for comparative analysis. The results indicate: (1) the contents of Ca and 
Mg in the bryophytes and their growth substrates from Three Gorges karst region are significantly higher than those from 
Huangzhou non-karst region, and there are no clear differences among Zn contents in the bryophytes and their growth 
substrates from both regions; (2) there are no obvious correlations among Ca, Mg and Zn in bryophytes from both regions; 
(3) metal element uptakes by bryophytes from different geological background or by different bryophyte species are 
different, and the absorption of different metals by the same bryophytes is also distinct.  
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1. Introduction 
Bryophyte, one of the most widespread plants all over the world, is known as pioneer plant for it can live in 
extreme environment such as extra high or low temperature, drought and extra low light [1, 2]. Bryophytes are 
an important component of biodiversity. They respond more quickly to environmental change like atmosphere 
and metal contamination than vascular plants, which are structurally more complex and have developed cuticles 
[3,4]. So far, most of researches about bryophytes in China are restricted to macro trends, such as flora and 
taxonomy, and studies about morphology, auxanology, cytology, physiological ecology, chemicals, 
ultra-structure and molecular biology of bryophytes have been just starting. 
Karst topography is a landscape shaped by the dissolution of a layer or layers of soluble bedrock usually 
carbonate rock such as limestone or dolomite. It was a significant component of the earth surface system. In 
China, the area of Karst regions accounted for about 1/3 of territory [5]. The high contents of Ca and Mg in soil, 
the serious rocky desertification, and the extraordinarily brittle ecosystem greatly inhibit the economic 
development in karst regions [6]. So, mechanism of plant acclimatization to Karst regions is still a hot topic.  
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The bryophytes and growth substrates from Huangzhou non-karst and Three Gorges karst regions of Hubei 
province will be chosen for this study, and the content characteristics of Ca, Mg and Zn in bryophytes and 
growth substrates from the two regions will be analyzed based on mathematical statistics methods. It is the base 
of studies on the acclimatization mechanism of bryophytes and other plants to Karst regions. Meanwhile, this 
study provide scientific basis for improving and recovery ecological environment of karst regions by bryophytes 
and other high Ca-acclimation plants. 
2 Materials and Methods 
2.1 Research area 
Huangzhou is located at 30°45’N, 114°87’W, belonging to subtropical monsoon climate. The annual of 
sunshine duration is about 2082 hours, the annual average rainy days is 100.1 days, and rainfall averages 1213.4 
mm annually; the annual mean temperature is 17 °ɋ, with highest temperature above 36 °ɋ in July and August, 
and lowest temperature between -4 ~ 6 °ɋ in January and February; the annual frost-free period is 261 days.  
Chexi of Three Gorges locates at 30°65’N, 111°08’W; the annual mean rainfall is 992.1-1404.1 mm. The 
yearly cumulative temperature is very high and the frost-free period is very long. The annual temperature 
averages 13.1 ~ 18 °ɋ, which decreases progressively along with the altitude above sea level rise, when it rises 
100 meters, the temperature will reduce 0.6 °ɋ. The mean temperatures in July and January are 24.1 ~ 28.8 °ɋ 
and 1.7 ~ 6.5 °ɋ, respectively. The highest and lowest temperatures are about 41.4 and -15.6 °ɋ, respectively. 
2.2 Materials 
Ten bryophytes and their substrates were sampled from Longwang Mountain, Huangzhou and Chexi, Three 
Gorges (Table 1) in March, 22, 2010 and March, 24, 2010, respectively. In Table 1, the habitats and substrates of 
ten bryophytes were recorded.  
*, the orders in Tables 2, 4 and 8 are the same as Table 1. 
2.3 Sample analysis 
The bryophyte samples were washed successively by tap water and distilled water, and dried at 70 °ɋ, and 
then smashed to pieces. The substrate samples were air-dried and then levigated. 
The samples of bryophytes and substrates (0.2000g in triplicate) were digested with nitric acid and perchloric 
acid. The digestive productions were diluted the final volume up to 50 mL and then filtered. 
Table 1 The bryophytes and their substrates from different geological settings 
Site No.* Species Habitat Substrate 
 1 Thuidium cymbifolium Doz.et Molk. forest-land soil 
Longwang 2 Fissidens nobilis Griff. forest-land soil 
Mountain, 3 Mnium cuspidatum Hedw. forest-land soil 
Huangzhou 4 Plagiothecium platyphyllum Moenk. soil-slope soil 
 5 Ptychomitrium gardneri Lesq. forest-land soil 
 6 Reboulia hemisphaerica (L.) Raddi. walls soil 
     
 7 Reboulia hemisphaerica (L.) Raddi. cavern rock soil 
Chexi, 8 Pellia epiphylla (L.) Cord. stream-bank calc-sinter 
Three Gorges 9 Claopodium prionophyllum Broth. cavern rock soil 
 10 Fissidens gradiforns Bride. stream-bank calc-sinter 
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The contents of Ca, Mg and Zn were determined by atomic absorption spectrometry. For Zn, the filtrates were 
used for analyzing directly; as for Ca and Mg, 5 mL filtrate was diluted the final volume up to 50 mL after 
adding 2 mL 10% La(NO3)3. 
2.4 Data analysis 
All the data from the experiments were done using SPSS13.0 and Microsoft£ Excel 2003. Single factor 
analysis was conducted to confirm the statistical significance within each treatment, and a probability level of 
0.05 was considered statistically significant. 
3 Results 
3.1 Content characteristics of Ca, Mg and Zn in the growth substrates of bryophytes 
  The contents of Ca, Mg and Zn in substrates collected from different geological settings were shown in Tables 
2 and 3. From the view of average element contents, there are significant differences between the element 
contents in the substrates from Huangzhou and Three Gorges. Among the three elements, Ca content is the 
highest and Zn content is the lowest. From the perspective of geological background, Ca and Mg contents in 
growth substrates of bryophytes from Three Georges karst region are much higher than those from Longwang 
Mountain, Huangzhou with significant differences, while the Zn contents in the substrates from both regions 
have no significant differences. It is worth noting that average Ca content in substrates from Three Gorges karst 
region is much higher than that from Huangzhou non-karst region, and the average Mg content in substrates 
from Three Gorges karst region is as twice as that from Huangzhou. The results indicate that substrates of 
bryophytes from Three Georges karst region has the character of high calcium and magnesium, which agrees 
well with the content characteristics of Ca and Mg in soil from karst regions reported previously [2, 7]. 
3.2 Content characteristics of Ca, Mg and Zn in bryophytes 
The contents of Ca, Mg and Zn in bryophytes collected from Three Gorges karst and Huangzhou non-karst 
regions were shown in Tables 4 and 5. Clearly, the contents of Ca and Mg in bryophytes from Three Gorges 
karst region are much higher than those from Huangzhou non-karst region with significant differences, while Zn 
contents in bryophytes from Karst region are higher than those from non-Karst region 
Table 2 The contents of Ca, Mg and Zn in substrates collected from different geological settings 
 
Element 
    No.     
1 2 3 4 5 6 7 8 9 10 
Ca 
(g·kg-1) 
19.01± 
3.41 
30.98± 
10.04 
21.30± 
2.73 
134.38± 
12.19 
10.81± 
1.26 
20.35± 
2.33 
264.27± 
1.35 
376.20± 
9.02 
139.83± 
5.16 
405.64± 
1.75 
Mg 
(g·kg-1) 
3.76± 
0.23 
3.69± 
0.08 
4.49± 
0.37 
8.32± 
0.89 
2.88± 
0.04 
7.13± 
0.18 
13.20± 
0.20 
11.83± 
0.03 
19.91± 
0.22 
11.67± 
0.22 
Zn 
(mg·kg-1) 
115.83± 
35.86 
139.33± 
22.80 
138.33± 
10.64 
124.17± 
14.81 
106.67± 
19.70 
160.00± 
17.50 
166.67± 
32.48 
192.50±5 
2.70 
339.17± 
68.01 
118.75± 
3.75 
with no significant differences. The average Ca contents of the four bryophytes collected from Karst region are 
three times of those in the 6 bryophytes sampled from Longwang Mountain, Huangzhou. Meanwhile, the 
average Mg content in bryophytes from Three Gorges is as twice as that from Huangzhou. According to the 
content characteristics of Ca and Mg in plants from karst regions reported previously the bryophytes from Three 
Georges karst region have the character of high calcium and magnesium [7]. 
Table 3 Total contents of Ca, Mg and Zn in substrates collected from different geological settings(unit: g·kg-1) 
Site No. of species Element Max. Min. Mean SE 
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Longwang 
Mountain, 
Huangzhou 
6 
Ca 134.38 10.81 39.47* * 19.16 
Mg 8.32 2.88 5.04* * 0.89 
Zn 0.16 0.11 0.13 0.01 
Chexi, 
Three Gorges 
4 
Ca 405.64 139.83 296.48* * 60.45 
Mg 19.91 11.67 14.15* * 1.95 
Zn 0.34 0.12 0.20 0.05 
*, 0.05 level; * *, 0.01 level. 
From Tables 4 and 5, Ca contents in Pellia epiphylla (L.) Cord. (No.8) and Fissidens gradiforns Bride. 
(No.10), which collected from Three Gorges karst region, are 162.83 g·kg-1 and 359.04 g·kg-1, respectively. They 
are the species with the highest Ca contents in this study. The species with highest Mg and Zn contents are 
Thuidium cymbifolium Doz.et Molk. (No.1), which collected from Huangzhou non-karst region, and Reboulia 
hemisphaerica (L.) Raddi. (No.7), which collected from hree Gorges karst region. As shown in Tables 4 and 5, 
the highest Mg contents are 10.21 and 10.89 g·kg-1 and the highest Zn contents are 1005.00 and 799.17 mg·kg-1, 
respectively. In general, the content feature of elements in bryophytes from Karst region is Ca > Mg > Zn. 
Table 4 The contents of Ca, Mg and Zn in bryophytes collected from different geological settings
Element 
    No.    
1 2 3 4 5 6 7 8 9 10 
Ca 
(g·kg-1)
112.46± 
10.67 
33.57± 
14.76 
37.29± 
4.10 
75.78± 
13.07 
62.79± 
22.05 
14.88± 
5.24 
108.05± 
13.86 
162.83± 
29.24 
95.24± 
16.88 
359.04± 
9.49 
Mg 
(g·kg-1) 
10.21± 
0.70 
3.16± 
1.11 
1.81± 
0.05 
6.89± 
0.67 
4.24± 
1.58 
5.98± 
0.06 
10.89± 
1.11 
9.13± 
1.02 
8.15± 
0.81 
9.93± 
0.94 
Zn 
(mg·kg-1) 
1005.00± 
31.22 
216.25± 
16.25 
290.00± 
71.25 
205.00± 
35.00 
220.00± 
35.00 
127.50± 
17.74 
799.17± 
74.22 
376.25± 
58.75 
753.75± 
21.25 
172.50± 
52.50 
Table 5 Total contents of Ca, Mg and Zn in bryophytes collected from different geological settings (unit: g·kg-1) 
Site No. of species  Element Max. Min. Mean SE
Longwang 
Mountain, 
Huangzhou 
6 
Ca 112.46 14.79 56.13* 14.34 
Mg 10.21 1.81 5.38* 1.23 
Zn 1.01  0.13  0.34  0.13  
Chexi, 
Three Gorges 
4 
Ca 359.04 95.24 181.29* 61.04 
Mg 10.89 8.96 9.73* 0.41 
Zn 0.80  0.17  0.42  0.10  
*, 0.05 level; * *, 0.01 level. 
3.3 Correlation analysis of Ca, Mg and Zn in bryophytes from different geological backgrounds 
  In generally, the element contents in different bryophytes are not the same, and the element absorption or 
concentration is relative to the physiological status of bryophytes. Metal elements can promote or reduce 
absorption each other for their antagonistic effect or synergetic effect existing in plant. There will be a 
significant positive correlation when two elements synergistically affect each other; it could be an antagonistic 
effect when there is a significant negative correlation between two elements [8]. The data in Tables 6 and 7 
showing the correlations among Ca, Mg and Zn in bryophytes from Huangzhou non-karst and Three Gorges 
karst regions indicate that there were no correlation relationship among the three elements. 
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Table 6 Correlations among Ca, Mg and Zn in 6 bryophytes species from Huangzhou non-karst region 
Element Ca Mg Zn 
Ca 1   
Mg 0.734 1  
Zn 0.807 0.706 1 
 
Table 7 Correlations among Ca, Mg and Zn in 4 bryophytes species from Three Gorges karst region 
Element Ca Mg Zn 
Ca 1   
Mg 0.229 1  
Zn -0.901 -0.023 1 
3.4 Enrichments of Ca, Mg and Zn in bryophytes 
The enrichment of elements in plants can be expressed by concentration coefficient (C): 
 
This ratio reflects the relative enrichment and depletion degree of elements in plant. C  1.5 means relative 
enrichment, C  3 strong enrichment, C = 0.5~1.5 shows the same level, C < 0.5 relative depletion, and C < 0.1 
strong depletion [9].   
Table 8 Enrichment coefficient of elements in bryophytes 
Element 
No. 
1 2 3 4 5 6 7 8 9 10 
Ca 5.916 1.084 1.751 0.564 5.809 0.731 0.409 0.433 0.681 0.885 
Mg 2.715 0.856 0.403 0.828 1.472 0.839 0.825 0.772 0.409 0.851 
Zn 8.677 1.552 2.096 1.651 2.062 0.797 4.795 1.955 2.222 1.453 
As shown in Table 8, only the enrichments of Zn in bryophytes from Three Gorges karst region reach relative 
or strong enrichment, while the enrichments of Ca, Mg and Zn in bryophytes from Huangzhou non-karst region 
varies with species. As for Ca, Thuidium cymbifolium Doz.et Molk. (No.1) and Ptychomitrium gardneri Lesq. 
(No.5) reach strong enrichment level, Mnium cuspidatum Hedw. (No.3) reaches relative enrichment, while 
Reboulia hemisphaerica (L.) Raddi. (No.7) and Pellia epiphylla (L.) Cord. (No.8) reach relative depletion and 
the others are the same level. As for Mg, Thuidium cymbifolium Doz.et Molk. (No. 1) reaches relative 
enrichment, while Mnium cuspidatum Hedw. (No.3) and Claopodium prionophyllum Broth. (No.9) relative 
depletion and the others are the same level. Generally, the enrichment of Zn is much stronger than those of Ca 
and Mg in bryophytes. Thuidium cymbifolium Doz.et Molk. (No.1) and Reboulia hemisphaerica (L.) Raddi. 
(No.7) enrich Zn strongly. 
4 Discussions 
Karst is a kind of environmental systems which developed on soluble rock such as carbonate rock. Plants in 
this kind of environment should adapt adversity such as alkalinity, high-Ca, soil impoverishment and drought 
[10-16]. 
The element background in growth substrates of plant 
C = 
The average content of element in plant 
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Ca exists in all plants and plays certain physiological roles. It plays important role in adjusting acidity and 
alkalinity of soils, and affects the growth of crops [17]. Mg is a fundamental component of chlorophyll in higher 
plant. It plays a great role in protein metabolism and active oxygen metabolism [18]. As consistent with the 
results reported previously [7, 9, 19, 20], Ca and Mg contents in bryophytes from Three Gorges karst region are 
much higher than those from Huangzhou non-Karst region, which means that the absorption of Ca and Mg by 
plants from different geological backgrounds is not the same, and the adaptation of high Ca and Mg contents has 
limited the distribution of plants in karst regions. 
Zn participates in the synthesis of chlorophyll and plant hormones and is an essential element of carbonic 
anhydrase (CA) [21-23]. Some researchers had found that CA can promote CO2 fixation and reduce pH in soil. 
So, CA plays an important role in acclimatization of plants to karst environment [10-15]. CA activity of plant is 
very sensitive to Zn [23]. In soil, effective Zn concentration can directly affect CA activity by changing Zn 
content in leaves of plant. In this study, we found that there is no difference among Zn contents in bryophytes 
and growth substrates collected from Three Gorges karst and Huangzhou non-karst regions, which showed that 
the difference in Zn absorption by bryophytes lies on not the geological environment, but the species. 
Correlation analysis of Ca, Mg and Zn in bryophytes from different geological backgrounds showed that there 
is no correlation relationship among these three elements in bryophytes from Three Gorges karst and 
Huangzhou non-karst regions, which agrees well with the relationships among elements in plant from other 
regions [24, 25]. However, there is strong correlation between Ca and Mg in some tropical plants from Hainan 
province [26]. Therefore, there also exists regional difference in the correlation among elements in plant. 
  The enrichment of Ca, Mg and Zn in bryophytes from Huangzhou non-karst region depends on the species of 
bryophytes. Bryophytes from Three Gorges karst region can enrich Zn strongly, but not for Ca and Mg. Such 
results are different from the enrichment of elements in bryophytes in karst regions of Guizhou province [9]. 
The enrichment degree of metal elements in bryophytes depends on species and geological region. 
5 Conclusions 
The content characteristics of Ca, Mg and Zn in bryophytes from different geological backgrounds are as 
follows: 
(1) Compared with the Huangzhou non-karst region, the bryophytes and their substrates from Three Gorges 
karst region have the character of high calcium and magnesium. 
(2) There are no correlation relationships among Ca, Mg and Zn in bryophytes from Three Gorges karst and 
Huangzhou non-karst regions. 
(3) The enrichment degree of metal element in bryophytes depends on geological background and species, 
and the absorption of different metals by the same bryophytes is also distinct. Bryophytes from Three Gorges 
karst region enrich Ca and Mg weakly, but can enrich Zn strongly. The enrichment degrees of Ca, Mg and Zn in 
bryophytes from Huangzhou non-karst region depend on species of bryophytes. As for enrichment of Ca, the 
bryophytes from karst region are inferior to those from Huangzhou. Bryophytes from both two regions enrich 
Mg weakly. As to the enrichment of Zn, bryophytes from the two regions reach the level of relative enrichment. 
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